t h a t t h e c a t i o n s ( f o r example Nb i n KNb03) a r e d i s p l a c e d i n t h e [ I l l ] t y p e d i r e c t i o n s i n a l l phases i n c l u d i n g t h e c u b i c p h a s e and t h e d i ff e r e n t phases a r e o b t a i n e d as a r e s u l t o f c o r r e l a t i o n i n t h e d i r e ct i o n s i n w h i c h t h e s e i o n s a r e d i s p l a c e d . The f i r s t e x p e r i m e n t s t o show t h a t some c o n s t i t u e n t s i n m i x e d
p e r o v s k i t e s a r e o f f -c e n t e r i n t h e p a r a e l e c t r i c phase were Raman e x p e ri m e n t s [2] . I n p a r t i c u l a r i n KTa0,:Nb [ 3 ] i [7] . These e x p e r iments show t h a t t h e Nb i o n s a r e d i s p l a c e d a l r e a d y i n t h e p a r a e l e c t r i c phase, t h e d i s p l a c e m e n t b e i n g d y n a m i c a l namely t h e i o n s move from one e q u i v a l e n t p o s t i o n t o a n o t h e r i n a t i m e w h i c h i s s h o r t compared t o l a b o r a t o r y t i m e , b u t l o n g compared t o Raman i n t r a c t i o n t i m e s , namely r , 1 0 -l l sec. The o b j e c t o f t h e EXAFS e x p e r i m e n t s d i s c u s e d h e r e was t o measure t h e t e m p e r a t u r e dependence o f t h e m a g n i t u d e and t h e d i r e ct i o n o f t h e d i s p l a c e m e n t o f t h Nb i n KTa0,:Nb.
t was shown t h a t i n t h e p a r a e l e t r i c phase d e s p i t e t h e s e l e c t i o n r u l e , w h i c h f o r b i d s f i r s t o r d e r Raman s c a t t e r i n g , f i r s t o r d e r Raman l i n e s a r e o b s e r v e d . Moreo v e r , t h e i n t e n s i t y o f t h e s e l i n e s i s t e m p e r a t u r e d e p e n d e n t and i t i s c o n s i s t e n t w i t h t h e t h e o r y o f H a l p e r i n and Varma
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Experimental R e s u l t s S i m u l t a n e o u s t r a n s m i s s i o n and f l u o r e s c e n c e measurements were made on a powdered sample of (KTao.glNbo.o,)O, a t t h e Nb K-edge, a t t h e t e m p e r a t u r e s of 70K, 78K, 90K, 130K, 200K and 300K. l h e l o w e r t t h r e e t e m p e r a t u r e s a r e each i n one of t h e t h r e e f e r r o e l e c t r i c phases of K T N 171 namely t h e rhombohedral, orthorhombic and t e t r a g o n a l , r e s p e c t i v el y . The upper t h r e e a r e i n t h e p a r a e l e c t r i c phase. The c h o i c e of temp e r a t u r e s p e r m i t s a s e p a r a t i o n of t h e t e m p e r a t u r e dependence between phase t r a n s i t i o n e f f e c t s and o r d i n a r y thermal v i b r a t i o n e f f e c t s . Measurements were a l s o made on t h e Ta L3-edge of KTa03 and on t h e Nb Kedge of NbO t o be used a s s t a n d a r d s i n t h e i n t e r p r e t a t i o n of KTN. The F o u r i e r t r a n s f o r m of k z x ( k ) a s a f u n c t i o n of k .
A1 s o shown i s t h e window f u n c t i o n used i n o r d e r t o f i l t e r o u t t h e f i r s t s h e l l
The f l u o r e s c e n c e d a t a was of h i g h e r q u a l i t y than t h e t r a n s m i s s i o n d a t a , so t h e f i n a l a n a l y s i s was c o n c e n t r a t e d on t h e f l u o r e s c e n c e d a t a . S t a n d a r d a n a l y s i s t e c h n i q u e s [ 8 1 were a p p l i e d t o o b t a i n t h e n o r m a l i z e d EXAFS a b s o r p t i o n x ( k ) of t h e Nb K-edge over t h e k-range 1.8-15.3 A -1 .
The z e r o was s e t a t t h e middle of t h e edge. The magnitude of t h e r s p a c e F o u r i e r t r a n s f o r m of k z x ( k ) i s shown i n Fig. 1 Fig. 1 and back t r a n s f o r m e d i n t o k-space. The back t r a n s f o r m i s given by t h e e q u a t i o n :
. The v a r i o u s peaks a r e well above t h e n o i s e even o u t t o 8 A . The f i r s t peak i s due t o t h e Nb probe n e a r e s t neighbour oxygen atoms. This peak i s t h e only well r e p a r a t e d one and i s t h e one we d i s c u s s h e r e . I t was i s o l a t e d by t h e window f u n c t i o n shown i n

Here B ( k ) i s t h e back s c a t t e r i n g a m p l i t u d e f o r t h e oxygen s h e l l and 6 ( k ) i s t h e phase s h i f t . g ( r ) i s t h e d i s t r i b u t i o n f u n c t i o n of Nb-0 p a i r d i s t a n c e s and A i s t h e mean f r e e p a t h . To e l i m i n a t e B ( k ) , 6 ( k )
and expr -2 ( r -~) / x l from eq. (1) we have used t h e s t a n d a r d s . The KTaO,
s t a n d a r d was u s e d t o o b t a i n B( k ) e x p [ -2 ( r -A ) / A ] w h i l e t h e NbO s t a n d a r d was u s e d t o d e t e r m i n e 6 ( k ) . A f t e r e l i m i n a t i n g t h e s e f u n c t i o n s we o b t a i n e d :
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The NbO s t a n d a r d was n o t s u i t a b l e f o r o b t a i n i n g B ( k ) b e c a u s e i t h a d an unknown s t o i c h i o m e t r y so t h e a v e r a g e c o o r d i n a t i o n number o f o x y g e n s a r o u n d t h e Nb i s unknown. However, t h e l a t t i c e c o n s t a n t i s s t i l l known a n d t h u s so i s t h e a v e r a g e Nb-0 d i s t a n c e p e r m i t t i n g a d e t e r m i n a t i o n o f 6 ( k ) . F i g u r e s 2 a n d 3 p l o t t h e d e t e r m i n e d A ( k ) a n d B ( k ) i n Eq.2 r e s p e c t i v e l y . The s o l i d l i n e i s t h e a v e r a g e a n d t h e d a s h e d l i n e s d i sp l a y t h e r a n g e o f e r r o r as a f u n c t i o n o f k. I f g ( r ) w e r e s ( r -r o ) , A ( k ) a n d B ( k ) w o u l d be c o n s t a n t . A c t u a l l y , A ( k ) d i s p l a y s a s t r o n g minimum c h a r a c t e r i s t i c o f a b e a t b e t w e e n t w o o r more n e a r l y e q u a l d i s t a n c e s and d ( k ) d i s p l a y s a r a t h e r f a s t c h a n g e o f p h a s e a l s o c h a r a c t e r i s t i c o f
The m e a s u r e m e n t s a t a l l t h e t e m p e r a t u r e s m e n t i o n e d above w e r e anal y z e d i n t h e same manner. The r e s u l t s w e r e f o u n d t o be t h e same as a t 7 0 K w i t h i n t h e e x p e r i m e n t a l e r r o r s shown i n F i g s . 2 a n d 3. The p h a s e f u n c t i o n t a i n e d b y t h e back F o u r i e r t r a n s f o r m aa f t e r r e m o v a l o f t h e NbO-phase t i o n and t h e f i r s t s h e l l . I n t h i s t h e f u n c t i o n -s o l i d l i n e . The 
D i s c u s s i o n W e c o n s i d e r f i r s t t h e q u a l i t a t i v e e f f e c t t h a t a d i s p l a c e m e n t of t h e Nb ion would have on t h e a m p l i t u d e and phase f u n c t i o n s . W e assume t h a t t h e d i s p l a c e m e n t i s i n one of t h e main c r y s t a l o g r a p h i c d i r e c t i o n s . I f t h e d i s p l a c e m e n t i s i n t h e [ l l l ] d i r e c t i o n , t h r e e of t h e oxygens w i l l
have a s h o r t e r d i s t a n c e w h i l e t h e o t h e r t h r e e w i l l be a t a l o n g e r d i s t a n c e . In t h i s c a s e :
Eq. 121 can then be r e p r e s e n t e d by t h e sum of two p h a s o r s r o t a t i n g i n o p p o s i t e d i r e c t i o n s , a s shown i n F i g . 4. The a m p l i t u d e f u n c t i o n w i l l have a b e a t a t k & R = r / , . S i m i l a r l y t h e phase f u n c t i o n w i l l have a jump of n r a d i o n s a t ~A R = I T / , . I f t h e d i s p l a c e m e n t i s i n t h e [ I 1 0 1 d i r e ct i o n : g ( r ) = 2 6 ( r -r o ) + 2 6 ( r -r o + A R ) + 2 6 ( r -r o -~R ) ( 4 The a m p l i t u d e f u n c t i o n has a b e a t a t T /~ and t h e phase f u n c t i o n a jump of T r a d i a n s a t ~A R = n / , . On t h e o h t e r hand i f t h e d i s p l a c e m e n t i s i n t h e [ l o o ] d i r e c t i o n
In t h i s c a s e t h e r e i s no b e a t i n t h e a m p l i t u d e f u n c t i o n and no change i n t h e phase.
We
have f i t t e d t h e a m p l i t u d e f u n c t i o n i n Fig. 2 w i t h two d i s t r i b ut i o n f u n c t i o n s . The f i r s t c o r r e s p o n d s t o a d i s p l a c e m e n t i n t h e [ l l l l t y p e d i r e c t i o n s
Here we r e p r e s e n t t h e z e r o p o i n t and thermal v i b r a t i o n s by a G a u s s i a n . S t r i c t l y s p e a k i n g , t h i s r e p r e s e n t a t i o n i s n o t r e a l l y a d e q u a t e i n t h e s e m a t e r i a l s . The f i t i s r e p r e s e n t e d by t h e c i r c l e s i n As seen from Fig. 2 , t h e two p o s s i b i l i t i e s c a n n o t be d i s t i n g u i s h e d from each o t h e r . The f a c t t h a t w i t h i n e x p e r i m e n t a l a c c u r a c y t h e e x p e r i m e n t a l r e s u l t s a r e t e m p e r a t u r e i n d e p e n d e n t a l l t h e way up t o room t e m p e r a t u r e , l e a d i n g t o two c o n c l u s i o n s : a ) The Nb i o n s a r e d i s p l a c e d o f f -c e n t e r i n t h e p a r a e l e c t r i c phase. b) That t h e p o t e n t i a l well w a l l s a r e r a t h e r s t e e p .
R i s t h e p r o j e c t i o n of t h e a c t u a l d i s p l a c e m e n t o n t o t h e [ l o o ] t y p e d i r e c t i o n . Thus t h e a c t u a l d i s p l a c e m e n t A R
C1111 = A R , x 4 3 = 0.15A.
The second d i s t r i b u t i o n funct i o n assumes t h a t t h e d i s p l a c e m e n t s a r e i n t h e [ 1 1 0 ] t y p e d i r e c t i o n s
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F i g . 4: The phasor diagram t h e a m p l i t u d e and t h e phase f o r t h e d i s p l a c e m e n t s i n t h e
[ l l l ] , [ I 1 0 1 and [ l o o ] t y p e d i r e c t i o n s . The c u r v e s a r e i d e a l i z e d by i g n o r i n g z e r o p o i n t and thermal v i b r a t i o n s .
The f i t i n t h i s c a s e i s r e p r e s e n t e d by t h e c r o
Combining t h e e x p e r i m e n t a l r e s u l t s of X-ray d i f f r a c t i o n , Raman s p e c t r o s c o p y and EXAFS, we a r r i v e a t t h e f o l l o w i n g c o n c l u s i o n s . A t 70" K t h e s t r u c t u r e of KTao.,, Nbo .,,O, i s rhombohedra1 [ 7 ] . Theref o r e , a t t h i s t e m p e r a t u r e we know from X-ray d i f f r a c t i o n t h a t t h e Nb i o n s a r e d i s p l a c e d i n t h e [ I l l ] d i r e c t i o n . The magnitude of t h i s d i splacement a s measured from EXAFS i s 0.15 A . T h i s v a l u e i s s l i g h t l y s m a l l e r t h a n t h e d i s p l a c e m e n t of 0.18 A measured by n e u t r o n s c a t t e r i n g from pure KNbO, [ 9 1 . The d i s p l a c e m e n t of t h e Nb i o n s does n o t change a t l e a s t up t o room t e m p e r a t u r e , t h u s i t i s q u i t e l i k e l y t h a t t h e i o n s a r e d i s p l a c e d i n t h e [ill] t y p e d i r e c t i o n s a l s o i n t h e p a r a e l e c t r i c phase. The f a c t t h a t f i r s t o r d e r Raman l i n e s a r e o b s e r v e d i n t h e p a r ae l e c t r i c phase means t h a t t h e hopping time of t h e Nb i o n s among e q u iv a l e n t p o s i t i o n s i s l o n g e r than 10-11 s e c . T h i s i s i n s p i t e of t h e f a c t t h a t u i s such t h a t t h e Nb i o n s have a s i g n i f i c a n t p r o b a b i l i t y of b e i n g i n t h e c e n t e r p o s i t i o n . Apparently when t h e ion i s o f f -c e n t e r t h e p o t e n t i a l f u n c t i o n i s s l i g h t l y d i s t o r t e d , so t h a t t h e o t h e r e q u iv a l e n t p o s i t i o n s have a s l i g h t l y h i g h e r energy. The i n t e n s i t y of t h e s e Raman l i n e s d e c r e a s e s w i t h t e m p e r a t u r e n o t b e c a u s e t h e Nb i o n s go on c e n t e r , b u t b e c a u s e t h e p o l a r i z a t i o n o f t h e i n t r m e d i a t e m a t r i x m a t er i a l , n a m e l y t h e KTaO, becomes l e s s p o l a r i z a b l e as d e s c r i b e d by t h e H a i p e r i n and Varma t h e o r y . I t i s a l s o p o s s i b l e t h a t a t h i g h t e m p e r at u r e s much h i g h e r t h a n t h e P.T. t e m p e r a t u r e t h e h o p p i n g t i m e becomes s h o r t e r . I n t h i s c a s e t h e Raman s c a t t e r i n g w o u l d d i s a p p e a r b e c a u s e t h e p o s i t i o n w i l l be e f f e c t i v e l y c e n t r o s y m m e t r i c .
A t t h e p h a s e t r a n s i t i o n t h e a v e r a g e d i s p l a c e m e n t o f t h e Nb i o n s becomes non z e r o t o g e t h e r w i t h a non z e r o p o l a r i z a t i o n o f t h e h o s t l a t t i c e . T h e r e f o r e , t h i s s y s t e m i s n e i t h e r a p
I n c o n c l u s i o n , EXAFS seems t o be a v a r y p o w e r f u l t o o l i n p r o v i d i n g q u a n t i t a t i v e m i c r o s c o p i c s t r u c t u r a l i n f o r m a t i o n i n o x y g e n p e r o v s k i t e t y p e m i x e d c r y s t a l s . Thus t o g e t h e r w i t h o t h e r t c h n i q u e s i t w o u l d be an i m p o r t a n t means i n u n d e r s t a n d i n g t h e f u n d a m e n t a l n a t u r e o f p h a s e t r a n s i t i o n s i n t h e s e s y s t e m s .
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